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Summary 

Detailed flow surveys downstream of the corner turning 
vanes and downstream of the fan inlet guide vanes have been 
obtained in a 0.1 -scale model of the NASA Lewis Research 
Center’s proposed Altitude Wind Tunnel. Two turning vane 
designs were evaluated in both corners 1 and 2 (the corners 
between the test section and the drive fan). Comer 1 was tested 
with and without a simulated engine exhaust removal scoop. 
The tests were conducted at Mach numbers that corresponded 
to the test-section design Mach number of 0.80: 0.35 for 
corner 1 without the scoop, 0.41 for corner 1 with the scoop, 
and 0.24 for corner 2. Vane A was a controlled-diffusion 
airfoil and vane B was a circular-arc airfoil. The turning vane 
wakes were surveyed to determine the vane losses. For 
corner 1 the vane A turning vane configuration gave a lower 
loss coefficient than the vane B configuration (0.05 versus 
0.08) in the regions where the flow regime should be 
representative of two-dimensional flow. Similar results were 
obtained in corner 2. When corner 1 was added to corner 2, 
the corner 2 vane losses increased slightly. For both vane sets 
the vane loss coefficient increased rapidly near the walls. 


Introduction 

It has been proposed that the NASA Lewis Research Center’s 
inactive Altitude Wind Tunnel (AWT) be rehabilitated to meet 
the aeropropulsion needs of the future. The proposed tunnel 
would accommodate tests involving fuel-burning engines, 
adverse weather conditions, and acoustics at Mach numbers 
to 0.92. The original awt became operational in 1944 and 
was used for aeropropulsion research until 1958. When the 
tunnel was converted to altitude test chambers for space 
research in the late 1950’s, the tunnel internal components 
were removed. Therefore the proposed AWT would require 
all new internal components. In addition to a new high-speed 
leg (including settling chamber, contraction, test section, and 
diffuser) and heat exchanger, four new sets of turning vanes 
and a new two-stage fan drive system with variable inlet guide 
vanes (vigv’s) were proposed (fig. 1). In corner 1, 
immediately downstream of the test section (highest Mach 
number corner), an engine exhaust removal scoop would 
extend through the center of the turning vanes. The fan drive 
shaft fairing would extend through the comer 2 turning vanes. 
Corners 3 and 4 would be clean (i.e., no centerbody would 


pass through the vanes). The proposed tunnel features and the 
new tunnel components are described in detail in references 
1 and 2. 

Because of the magnitude of the proposed AWT rehabil- 
itation a 0. 1 -scale modeling program was undertaken to ensure 
the technical soundness of the new component designs (refs. 
3 to 5). The individual components were designed to be tested 
first separately and later collectively in order to evaluate how 
the various components interact. The overall aerodynamic 
performances of corners 1 and 2 are reported in references 
6 and 7, respectively. The overall aerodynamic performance 
of the combined corner 1 -comer 2 configuration is presented 
in reference 8. These results from the comer investigations 
are based on fixed radial rake measurements. To obtain more 
detailed information, specific flow conditions were examined 
by using traversing probes. 

This report presents the detailed flow survey data at selected 
flows for corners 1 and 2 and the detailed flow survey data 
downstream of the fan vigv’s. For each corner the turning 
vane wakes were surveyed to determine the vane pressure 
losses and exit flow angles for both the controlled-diffusion 
and circular-arc vane airfoils. Corner 1 was tested at flows 
that corresponded to Mach numbers of about 0.35 without the 
simulated scoop and 0.41 with the simulated scoop. Corner 2 
was tested at flows that corresponded to a Mach number of 
about 0.25. These values were based on the test-section design 
Mach number of 0.80. The vane losses for corner 2 were 
obtained with and without comer 1 installed. A detailed survey 
is also presented for the vigv wakes with each turning vane 
set installed in corner 2 and the controlled-diffusion turning 
vanes and the simulated scoop installed in corner 1 . 

Apparatus and Procedure 

Test Apparatus 

The test configurations are described in detail in references 6 
to 8. Each configuration was tested with the same inlet and 
the same exhaust piping; only the corner assemblies were 
changed. The inlet consisted of a beiimouth inlet, a honeycomb 
flow straightener, and a constant-diameter (82.296 cm) spool 
piece. The downstream exhaust section consisted of a choke- 
plate assembly that was connected to the NASA Lewis central 
altitude exhauster system. 

The turning vanes in corner 1 (fig. 2) were evaluated first 
without and later with a simulated comer portion of the engine 
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exhaust removal scoop that included a downstream airfoil 
(figs. 3 and 4, respectively). The simulated scoop was 
supported at the inlet by a strut at the top and bottom. Turning 
vanes were also tested in the corner 2 configuration (figs. 5 
and 6). Corners 1 and 2 were combined (figs. 7 and 8), and 
the turning vanes in corner 2 were reevaluated to determine 
how the upstream corner (corner 1) affected the performance 
of the corner 2 turning vanes. The bellmouth, flow straight- 
ener, and spool pieces were not part of the awt design but 
were used to provide the flow to the AWT components. The 
VIGV performance was evaluated for the combined 
corner 1 -corner 2 configuration (figs. 7 and 8). 

Turning Vanes 

For each corner two types of turning vanes were designed. 
One design, vane A, was a controlled-diffusion airfoil designed 
by an inverse method developed by Sanz (ref. 9). The other 
design, vane B, was a circular-arc airfoil designed by 
McFarland using the method described in reference 10. The 
detailed designs including coordinates are given in reference 
6 (corner 1) and in reference 7 (corner 2). Since the vanes 
are set on the corner diagonal, the angle of flow entering and 
leaving the vanes should be 45° . The vane inlet and exit angles 
were designed for these conditions. 

The corner 1 vane A (fig. 9(a)) had slightly different 
coordinates than the corner 2 vane A (fig. 10(a)) because of 
differences in the inlet Mach number (0.35 vs. 0.26) for the 
two corners. The corner 1 vane B (fig. 9(b)) and the corner 2 
vane B (fig. 10(b)) had identical coordinates. 

In references 6 and 7 several changes in vane setting angle 
and vane spacing are evaluated for vanes A in both corners. 
However, for this investigation vanes A and A 10 in corner 
1 and vanes A3 and A4 in corner 2 were used for the detailed 
flow surveys. Vane A 10 was the same design as vane A except 
that the vanes were reset -5°. Vane A3 was the same design 
as vane A except that the vane nearest the outside corner was 
removed. Vane A4 was vane A3 reset -5°. 

Fan Inlet Guide Vanes 

The design of the fan variable inlet guide vanes is described 
in detail in reference 7. Briefly the 12 vigv’s had a stationary 
front portion and a variable trailing portion. The trailing-edge 
tips were designed to give approximately axial flow, whereas 
the hub regions turned the flow approximately 10° in the 
direction of fan rotation. The performances of the vigv’s were 
evaluated at three vigv exit angles: 0°, 10°, and -10° 

(fig- ID- 

Instrumentation 

The airflow was determined from measurements on a choke 
plate located downstream of the vanes. Six removable plates 
and a fixed plate could be used to set seven specific flows. 
The choke-plate assembly was an arrangement of seven plates 


that tended to form a converging nozzle. To increase the flow, 
the last plate was removed and the preceding plates kept in 
place. 

Downstream of the vane row surveys were made of the flow 
conditions (total and static pressure, total temperature, and 
flow angle) with spanwise traversing combination probes 
(fig. 12). Actuators mounted on top of and downstream of the 
corner (fig. 13) automatically nulled the probes to determine 
flow angle. For each vane set and configuration three areas 
were surveyed: the outside corner region, the middle region, 
and the inside corner region. Each survey was made across 
two turning vane passages. As can be seen from figures 14 
to 18 some of the surveys for the inside and outside corner 
regions were not within the flow path. The reason is that 
rectangular regions were selected for ease of data reduction. 
When the probes were outside the flow path, the data were 
excluded. 

To determine the total and static pressure and flow angle 
profiles downstream of the vigv’s, surveys were conducted 
with radially and circumferentially traversing actuators 
(fig. 19). For each data point four actuators were positioned 
at four circumferential locations around the casing (90° apart). 
They were mounted in a spool piece that could be rotated so 
that the conditions downstream of each vigv could be 
surveyed. The one exception was the vigv at 180°. At this 
location it was physically impossible to install the actuator 
between the casing and the floor. Behind each vigv the 
combination probe (fig. 20) was moved to 10 radial and 13 
circumferential positions to define the wakes. 

Test Procedure 

Turning vane surveys.— For a given configuration and flow 
point the actuator probes were set at the home position, which 
was normally midgap between two adjacent vanes. The 
actuators were traversed to 12 spanwise (radial) positions, or 
the distance along the vane span from the major axis to the 
outer wall. Total and static pressure, temperature, and flow 
angle data were recorded at each position. The flow was then 
terminated, and the probes were retracted and physically 
moved to another gapwise location, or the distance along the 
plane parallel to the major axis referenced from the midgap 
of the two adjacent vanes (increasing from the outside to the 
inside corner). After the same flow conditions had been 
established, the spanwise surveys were repeated. The probes 
were moved to 15 gapwise locations such that 2 vane wakes 
were surveyed at each of the 12 radial positions. 

VIGV surveys.— The VIGV surveys were conducted at 
design conditions (Mach number, 0.34) only for the combined 
corner 1 -corner 2 configuration. Both vanes A4 and vanes B 
were investigated in corner 2 to determine their effect on the 
vigv’s. Vanes A 10 with the simulated scoop were in comer 1. 
The test procedure was the same for each vane set in comer 2. 
The flow survey regions are given in figure 21 . For the vigv 
exit angle of 0° the spool piece was positioned at ring position 1 
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(fig. 21(b)), and the probes were set at circumferential 
locations of 12°, 102°, 192°, and 282°. The probes were 
traversed radially to 10 positions from 5 to 95 percent of span. 
With the spool piece still at ring position 1 the probes were 
then circumferentially traversed to another circumferential 
angle, and the radial traverse procedure was repeated. The 
probes were traversed circumferentially 30° from their initial 
positions (in 13 steps) to determine the pressure profile behind 
an individual VIGV. The spool piece was then rotated 36° to 
ring position 2 (fig. 21(b)) and the probes were set to 
circumferential locations of 48°, 138°, 228°, and 318°. The 
radial and circumferential traversing procedure was repeated. 
Finally the spool piece was set to ring position 3 (fig. 21(b)), 
and the probes were set at circumferential locations of 75 0 , 
255°, and 345°. (The bottom probe could not be installed.) 
At this position the top, inside corner, and outside corner 
vigv’s could be surveyed. At this last ring position the VIGV 
pressure and flow angle wakes were also investigated with the 
VIGV exit angles set at 10° and -10°. 

Calculation Procedure 

The airflow was calculated from Fliegner’s formula 
(ref. 1 1) for a choked flow by using measured values of choke- 
plate assembly total pressure and total temperature. This 
calculated airflow agreed within 2 percent with the mass- 
averaged airflow calculated from limited cases in which very 
detailed surveys were made. The average Mach numbers and 
the velocity head were based on the calculated airflow. Total 
pressure, static pressure, total temperature, velocity head, and 
airflow were all corrected to standard-day conditions. For the 
corner 1 tests the standard-day conditions were based on the 
corner 1 inlet conditions. For the corner 2 tests and the 
combined comer 1 -comer 2 tests the standard-day conditions 
were based on the vigv conditions. 

For the turning vane surveys the 15 gapwise values of total 
pressure behind the vanes were mass averaged over the two 
passages to obtain the average vane pressure at each radial 
position. In addition, for the outside and inside comer regions 
the average total pressure was calculated for each individual 
vane passage. Wake 1 was nearest the outside comer; wake 2 
was nearest the inside corner. An average of the two highest 
gapwise total pressures behind the vane at each radial position 
was used as the upstream free-stream total pressure to calculate 
losses across the vane. 

For the VIGV surveys the 13 circumferential values of total 
pressure behind each vigv were mass averaged to obtain an 
average pressure at each radial position. 

Symbols are defined in appendix A, and equations are given 
appendix B. 

Results and Discussion 

The results of this investigation are presented under five 
main topics: corner 1 vane performance without the simulated 


scoop; effect of the simulated scoop on corner 1 vane A 10 
performance; corner 2 vane performance without corner 1; 
corner 2 vane performance with corner 1; and vigv 
performance. All the data are presented in tabular form. The 
corner 1 vane wake performance without the simulated scoop 
is presented for vane A in table 1, for vane A 10 in table 2, 
and for vane B in table 3. The corner 1 vane A 10 wake 
performance with the simulated scoop is presented in table 4. 
The corner 2 vane wake performance is presented in tables 5 
and 6 for vane A3, in table 7 for vane A4, and in table 8 for 
vane B. For the combined corner 1-corner 2 test, vane A10 
with the simulated scoop was always in comer 1 . The corner 2 
vane wake performance for this combination is presented in 
table 9 for vane A4 and in table 10 for vane B. The vane mass- 
averaged total pressures and loss coefficients for the various 
configurations are presented in table 11. The vigv 
performance was also obtained with the combined-corners 
configuration, and the results are presented in table 12 for vane 
A4 and in table 13 for vane B. 

Corner 1 Vane Performance Without Simulated Scoop 

Vane wake distributions . —The gapwise distributions of total 
pressure and flow angle downstream of the corner 1 turning 
vanes are presented in figures 22 to 24 for vanes A, A 10, and 
B, respectively. For each figure several radial locations are 
presented for the outside corner, middle, and inside corner 
regions. The trends were very similar for the three vane sets. 
For the middle region the vane wakes were about the same 
from the major axis (0.0 cm) to about 31 cm. This is an 
indication of the two-dimensionality of the flow in this region. 
From the 36-cm radial location to the outer wall (spanwise 
position of 38.6 cm) the wakes were essentially one vane gap 
wide. This suggests that flow separation on the suction surface 
was a probable result of wall interactions with the turning vanes 
(three-dimensional effects). 

For both the inside and outside comer regions the vane 
furthest from the wall showed the two-dimensional wake 
effect, but it was difficult to determine the wake for the vane 
closest to the wall. This again indicates how the wall affected 
vane performance. Resetting vane A -5° (vane A10) reduced 
the pressure losses in the outside corner region significantly 
(cf. figs. 22(a) and 23(a)). 

For the middle region the free-stream flow angle for vanes A 
(fig. 22(b)) in the two-dimensional flow regime was about 
48.5 0 , an indication that the vanes overturned the flow. When 
the vanes were reset -5° (vane A 10), the corresponding flow 
angle decreased to about 43.5° (fig. 23(b)), again an indication 
of two-dimensional flow in this region. In the outside corner 
region the free-stream flow angle was about 60.5° with vanes 
A and 56.5° with vanes A10. Both angles were considerably 
above the design value of 45° . In the inside corner region the 
free-stream flow angles were approximately 51.5° and 49.5° 
for vanes A and A 10, respectively. Since there was not a one- 
to-one change in flow angle with vane setting angle and the 
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flow angles were significantly higher than design for the inside 
and outside corner regions and near the wall for the middle 
region, it is suspected that the interactions of the walls with 
the vanes (three-dimensional effects) influenced the flow 
angles. 

For vane B in corner 1 (fig. 24) the free-stream flow angles 
were closer to each other and to the design value of 45°: 
approximately 49° in the outside corner region, 47° in the 
middle region, and 43.5° in the inside corner region. Vane B 
had a higher vane solidity than vane A because of the greater 
number of vanes B. 

Vanes losses .— For each vane set the loss coefficient in the 
middle region of corner 1 (fig. 25) was essentially constant 
from the major axis to about 31 cm. Then the loss coefficient 
increased rapidly to the outer wall. The vane loss coefficients 
for vanes A and A10 were essentially the same value (0.05) 
in the two-dimensional regime. The two-dimensional vane loss 
coefficient for vanes B was 0.08. For the inside and outside 
corner regions where a vane wake profile could be defined 
across a single vane gap, the loss coefficients were about the 
same as the two-dimensional vane loss coefficients in the 
middle region (see table 11). As indicated in the pressure 
distribution plots of figures 22 and 23 for the outside corner 
region the losses were greater for vanes A than for vanes A 10. 
This is also shown in the wake 1 loss coefficients for all the 
spanwise locations for the two vane sets (fig. 26(a)). For 
example, on the major axis the vane loss coefficients for 
wake 1 (closest to outside corner) were 0.33 and 0.18 for 
vanes A and A 10, respectively. For wake 2 the vane loss 
coefficients for vanes A and A 10 were essentially the same 
at the major axis and were equal to the two-dimensional vane 
loss coefficient for the middle region. For the inside corner 
region and the middle region near the outer wall the vane loss 
coefficient increased slightly when the vanes were reset —5° 
(see tables 11(a) and (c)). 

The overall corner loss coefficients (measured from the 
upstream and downstream instrumentation rings shown in 
fig. 3) are reported in reference 6 to be 0. 178 and 0. 1 19 for 
vanes A and A 10, respectively. The data presented in this 
report indicate that the significant reduction in the corner loss 
coefficient when the vanes were reset - 5 ° was probably due 
to the decrease in the three-dimensional losses in the outside 
corner region that are associated with the vane interactions 
with the wall. The two-dimensional vane losses for vanes A 
and A 10 were the same. 

In reference 6 the overall corner loss coefficient for vanes B 
is 0. 15, in contrast to 0. 178 for vanes A, with the significant 
loss difference being located in the outside corner region. Tufts 
downstream of the corner (as well as static pressure 
distributions) indicate flow separation in the outside corner 
region for vanes A but no separation for vanes B (ref. 6). 
Comparing the vane losses in the outside corner region shows 
the vane losses for wake 1 to be about the same or less for 
vanes A than for vanes B (fig. 26(b)). This would suggest that 
the high outside corner losses for vanes A were caused by the 


flow between the vanes and the wall. As reference 6 indicates, 
the flow path along the major axis between vanes A and the 
outside wall gives the impression of a converging-diverging 
nozzle. This adverse geometry between the vanes and the wall 
causes the separated flow and subsequently higher corner loss 
for vanes A. The adverse geometry occurs in the outer half 
of the corner, with the region from about 225° to 315° 
(fig. 14) being the most severe. As reference 6 indicates, that 
region had high losses. 

Effect of Simulated Scoop on Corner 1 Vane A10 
Performance 

Vane wake distributions .— Like the total pressures in both 
the outside and inside corner regions without the simulated 
scoop, total pressures downstream of the corner 1 turning 
vanes for vanes A 10 with the simulated scoop decreased very 
rapidly as they approached the outer walls (fig. 27). The 
noticeable difference in the middle region with the simulated 
scoop (fig. 27(b)) in contrast to that region without the 
simulated scoop (fig. 23(b)) was that the vane total pressure 
wakes were essentially the width of one gap near the scoop 
wall as well as toward the upper wall. This indicated high 
separation on the suction surface. The presence of the scoop 
in the center contributed to the large three-dimensional loss 
just as did the presence of the outer wall. The two-dimensional 
region was confined to the span from about 13.22 to 33.57 cm. 

For the middle region the free-stream flow angle in the two- 
dimensional flow regime was about 47.5° with the scoop in 
contrast to about 43.5° without the scoop. For the outside and 
inside corner regions there appeared to be more variation in 
the flow angle, especially near the wall. 

Vane losses. —The vane loss coefficient in the middle region 
of corner 1 increased near the wall and near the centerbody 
scoop (fig. 28), as discussed earlier. The two-dimensional 
losses were higher with the scoop (0.08 versus 0.05). This 
may have been partly due to the inlet Mach number being about 
0.41 with the scoop and about 0.35 without the scoop. The 
wake from the upstream scoop support strut may have been 
feeding through the vanes and affecting the vane losses. 

Corner 2 Vane Performance Without Corner 1 

Vane wake distributions .— The same trends were observed 
in the gapwise distribution of total pressure and flow angle 
downstream of the corner 2 turning vanes alone for vanes A3, 
A4, and B, respectively (figs. 29 to 31) as were observed for 
corner 1 with the scoop. Even though the shaft fairing 
centerbody crossed the flow path instead of being parallel to 
the wall as in the corner 1 configuration, the effects of the 
outer wall and the shaft fairing in the middle region were very 
similar. Between 17 and 37 cm the wakes were well defined 
and the flow appeared to be two dimensional. At either the 
wall or centerbody end the flow separated on the suction 
surface as a result of vane interaction with the other surface. 
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For the three vane sets the radial variation in flow angle was 
somewhat greater than in corner 1 . 

! Vane loss coefficient . — The vane loss coefficient in the 
middle region of corner 2 (without corner 1) for vanes A3, 
A4, and B was essentially constant from 13 to 37 cm (fig. 32). 
Then the loss coefficient increased rapidly at both ends (to 
the outer wall and to the shaft fairing). The vane loss coeffici- 
ents for vanes A3 and A4 were essentially the same in the two- 
dimensional flow regime. The vane loss coefficient of 0.06 
was slightly higher than the vane A loss in corner 1 . This may 
be partly due to the accuracy with which the pressures could 
be measured. The numerator of the loss coefficient is the 
difference in two values that are very close together. Since 
the inlet Mach number for corner 2 decreased to 0.24, the 
denominator decreased by a factor of 2 over that for corner 
1 . Therefore any error in the numerator resulted in a larger 
change in loss coefficient for corner 2. The vane B airfoils 
were identical in both comers 1 and 2, and the two-dimensional 
vane loss coefficients were essentially the same (0.08) for both 
corners. 

Corner 2 Vane Performance With Corner 1 

Vane wake distributions. —When the corner 2 turning vanes 
were tested with vane A 10 and the simulated scoop in corner 1 
Tigs. 33 and 34), the noticeable difference from the curves 
without corner 1 present was in the total pressure distributions 
In the inside and outside regions. In both vane sets (A4 and 
3) the inside and outside corners had lower total pressures 
han the middle region. These lower values reflected the higher 
osses in the outer wall region of corner 1 . 

Vane loss coefficient,— The radial distribution trend in the 
fanes A4 and B loss coefficients for corner 2 with corner 1 
fig. 35) was the same as observed for corner 2 without 
:orner 1. However, the magnitude of the loss coefficients was 
greater in the two-dimensional flow regime. The difference 
vas partly due to the method of reducing the data. When comer 
! was tested without corner 1 , the flow entering the corner 
vas uniform and thus the use of the corner inlet velocity head 
p the loss coefficient equation gave a representative value 
specially in the two-dimensional flow regime. However, when 
orner 2 was tested behind comer 1 , the flow entering comer 2 
vas distorted by the corner 1 turning vanes and the scoop 
ref. 8). Therefore the local velocity could differ significantly 
rom the average velocity. 

To clarify this, the velocity distribution downstream of 
orner 2 with vanes B was plotted with and without corner 
(fig. 36), using at each radial location the highest of the 15 
ircumferential values downstream of the vanes. Without 
orner 1 the velocity was constant except near the wall for 
le middle and inside regions. The outside region was 
ifluenced by the shaft fairing. With corner 1 the velocity near 
le major axis in both the inside and outside comers decreased, 
i the middle region the velocity was significantly higher in 
lidpassage and lower at the wall and the centerbody. This 


indicated a shift in flow due to the distortion from corner 1 . 
By assuming that the local velocity head varies as the square 
of the velocity ratio with and without corner 1 , a new loss 
coefficient could be calculated. The new two-dimensional vane 
loss coefficients were 0.07 for vanes A4 and 0.10 for vanes 
B, in contrast to 0.08 and 0.12 in figure 35. These values 
differed only slightly from those obtained without corner 1 . 

VIGV Performance 

For all VIGV tests vanes A 10 with the simulated scoop were 
installed in corner 1. The locations of the individual vigv’s 
are very evident in the total pressure plots with vanes A4 and 
B in corner 2 at a VIGV angle of 0° (figs. 37 and 38, 
respectively). The vigv wakes, which extended less than 4° 
circumferentially, had superimposed on them the more severe 
distortions generated by the upstream corners 1 and 2. For 
both vane sets in corner 2 the exit VIGV total pressure 
distributions were very similar. In the region around 90° 
(inside corner) the total pressures were low as a result of the 
low pressures along the horizontal centerline downstream of 
the corner 1 scoop, especially in the inside corner region. The 
low total pressures in the region around 270° (outside corner) 
were probably caused by the fan shaft fairing in corner 2. 

Comparing the flow angle distributions in figures 37 and 
38 indicates less circumferential variation in flow angle with 
vanes B in comer 2 than with vanes A4. This trend was evident 
at all three radial positions. 

The effect of vigv setting angle on total pressure and flow 
angle distributions downstream of the vigv’s was very similar 
with both vane sets A4 and B in corner 2 (figs. 39 and 40, 
respectively). For each vane set the total pressure wake 
location changed with angle, but the absolute pressures were 
relatively unchanged. The VIGV flow angle changed with 
setting angle, but in most cases it did not change by the same 
amount as the setting angle. This is probably a result of only 
having 12 vigv’s. In the tip region, in particular, the flow 
was not captured by the vanes. 

From these results vanes B appeared to be a slightly better 
choice to be used in corner 2 than vanes A4. Although there 
were only local differences in the total pressure distributions 
between the two vane sets, vanes B clearly gave a more 
uniform flow angle out of the vigv’s. Since this flow angle 
would have to be ingested by the drive fan, vanes B were 
judged to be the better choice. 

Summary of Results 

Detailed flow surveys downstream of the corner turning 
vanes and downstream of the fan variable inlet guide vanes 
(vigv’s) have been obtained. Two different turning vane 
designs were evaluated in both corners 1 and 2 (the corners 
between the test section and the drive fan) of a 0. 1- scale model 
of the NASA Lewis Research Center’s proposed Altitude Wind 
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Tunnel (AWT). Vane A was a controlled-diffusion airfoil and 
vane B was a circular-arc airfoil. Corner 1 was tested both 
without and then with a simulated engine exhaust removal 
scoop that included a downstream airfoil fairing. The tests were 
conducted at flows that corresponded to the test-section design 
Mach number of 0.8. The turning vane wakes were surveyed 
to determine the vane pressure losses. The VIGV wakes were 
also surveyed. This investigation yielded the following 
principal results: 

1. For corner 1 without the simulated scoop the loss 
coefficients in the middle of the corner (two-dimensional flow 
region) were 0.05 for vanes A and 0.08 for vanes B. Near 
the walls the vane loss coefficient for both vane sets increased 
rapidly. 

2. For corner 1 with the simulated scoop the vane loss 
coefficient in the two-dimensional flow region for vanes A 10 


(vane A reset -5° from design) was higher than without the 
scoop (0.08 vs. 0.05). With the scoop the comer Mach number 
increased to 0.41, from 0.35 without the scoop. 

3. For corner 2 without corner 1 the two-dimensional vane 
loss coefficients were 0.06 and 0.08 for vanes A and B, 
respectively. The corner 2 inlet Mach number was 0.24. With 
corner 1 added to corner 2 the vane loss coefficients increased 
slightly. 

4. The vigv wakes extended less than 4° circumferentially 
and had superimposed on them the more severe distortion 
patterns generated by the upstream corners 1 and 2. 

Lewis Research Center 

National Aeronautics and Space Administration 
Cleveland, Ohio, November 7, 1986 


Appendix A 
Symbols 


A in area at corner inlet, cm 2 

A s cross-sectional area of simulated scoop at corner 1 
inlet, cm 2 

AAj incremental area at vane exit (spanwise element), cm 2 

D spool diameter, cm 

d n nozzle plate diameter, cm 

M in Mach number at corner inlet, defined by eq. (B5) 

P n nozzle total pressure, N/cm 2 

P t , v ,\n vane inlet total pressure (spanwise element), defined 
by eq. (B3), N/cm 2 

P t v av mass-averaged vane exit total pressure (spanwise 
element), defined by eq. (B4), N/cm 2 

P tiV j individual vane exit total pressure (spanwise element), 
N/cm 2 


P T vane inlet total pressure, N/cm 2 

P s ,i„ static pressure at corner inlet, N/cm 2 
q m velocity head at corner inlet, N/cm 2 
R gas constant 

T n nozzle total temperature, K 

T t vane inlet total temperature, K 

V flow velocity, m/sec 

W airflow, defined by eq. (Bl), kg/sec 
y ratio of specific heats 

0 circumferential location from top dead center 
(clockwise looking downstream), deg 

p density, kg/m 3 

o) v vane loss coefficient, defined by eq. (B2) 


Appendix B 
Equations 


lAirflow 


Vane Exit Total Pressure 


W = 0.04044 —\—dl 
T„ \4 


l^ane Loss Coefficient 


ca v = 


^ T,v,'m P 7,v,av 


^in 


(Bl) 


(B2) 


15 


£ pMiVPt.vJ 

i= 1 


T,v, av 


15 

E pMiVi 


i= 1 


Inlet Mach Number 


(B4) 


Vane Inlet Total Pressure 


^V.v.in 


_ PT,v,i, highest Pt,vJ, next highest 


M ir 


W 


(1+0.2 M 2 n ) 3 (A in -A S )P T +I 7 



— (B5) 


Velocity Head 


<?in = 0.7 P s - m M] 


(B6) 
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Figure 4.— Schematic of corner 1 test apparatus with simulated engine exhaust scoop. 



Figure 5.— Corner 2 test configuration. 
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Figure 7.— Corner 1-corner 2 test configuration. 


Simulated engine 



Figure 8.— Schematic of corner 1 -corner 2 test configuration. 
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(a) Vane A. 

(b) Vane B. 

Figure 9.— Corner 1 turning vanes. 




(a) Vane A. 

(b) Vane B. 

Figure 10.— Corner 2 turning vanes. 



Flow — ► 


(b) 



Direction of 
fan rotation 


t 



(a) Inlet guide vane angle, design minus 10°. 

(b) Inlet guide vane angle, design. 

(c) Inlet guide vane angle, design plus 10°. 

Figure 11.— Typical fan variable inlet guide vane (total of 12). 
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(a) Axial location of survey. 

(b) Area of survey. 

Figure 18.— Flow survey region for vanes B in corner 2. (Dimensions are in centimeters.) 
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Figure 19.— Radial and circumferential actuators for surveying downstream of variable inlet guide vanes. 
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Figure 20.— Combination probe for surveying downstream of variable inlet guide vanes. 
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Total pressure, N/cm 



Gapwise location, cm 

(a) Outside corner. (b) Middle. (c) Inside corner. 

Figure 23.— Gapwise distribution of total pressure and flow angle downstream of turning vanes in corner 1— ■ vanes A 10. Airflow, 72.89 kg/sec; inlet 
Mach number, 0.35. 
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Total pressure, N/cm 2 Flow angle, deg 



(a) Outside corner. (b) Middle. (c) Inside corner. 

Figure 24.— Gapwise distribution of total pressure and flow angle downstream of turning vanes in corner 1— vanes B. Airflow, 72.58 kg/sec; inlet Mach 
number, 0.35. 



Figure 25.— Vane loss coefficients in middle region of corner 1. Nominal airflow, 73 kg/sec; inlet Mach number, 0.35. 


Vane loss coefficient 



(a) Vanes A and A 10. (b) Vanes A and B. 

Figure 26.— Vane loss coefficients in outside region of corner 1. Nominal airflow, 73 kg/sec; inlet Mach number, 0.35. 
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Gapwise location, cm 

(a) Outside corner. (b) Middle. (c) Inside corner. 

Figure 29.— Gapwise distribution of total pressure and flow angle downstream of turning vanes in corner 2 (without corner 1)— vanes A3. Airflow, 
69.45 kg/sec; inlet Mach number, 0.24. 
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(a) Outside comer. (b) Middle. (c) Inside corner. 

Figure 30.— Gapwise distribution of total pressure and flow angle downstream of turning vanes in corner 2 (without corner 1)— vanes A4. Airflow, 
69.52 kg/sec; inlet Mach number, 0.24. 
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Figure 31.— Gapwise distribution of total pressure and flow angle downstream of turning vanes in comer 2 (without comer 1)— vanes B. Airflow, 
68.98 kg/sec; inlet Mach number, 0.24. 
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Total pressure, N/crrr Flow angle, deg 


Spanwise (radial) position, cm 


Figure 32. Vane loss coefficients in middle region of corner 2— without comer 1. Nominal airflow, 69 kg/sec; nominal inlet Mach number, 0.24. 








Gapwise location, cm 


(a) Outside comer. (b) Middle. (c) Inside comer. 

Figure 33.— Gapwise distribution of total pressure and flow angle downstream of turning vanes— vanes A4 in corner 2 and vanes A10 with simulated 
engine exhaust scoop in corner 1. Airflow, 73.09 kg/sec; inlet Mach number, 0.26. 
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(a) Outside corner. (b) Middle. (c) Inside corner. 

Figure 34.— Gapwise distribution of total pressure and flow angle downstream of turning vanes— vanes B in corner 2 and vanes A10 with simulated engine 
exhaust scoop in corner 1. Airflow, 73.19 kg/sec; inlet Mach number, 0.26. 



Figure 35.— Vane loss coefficients in middle region of corner 2 — vanes A10 with simulated engine exhaust scoop in corner 1. Nominal airflow, 
73 kg/sec; nominal inlet Mach number, 0.26. 


O With corner 1 
□ Without corner 1 




Spanwise (radial! position, cm 


(a) Outside corner. (b) Middle. (c) Inside corner. 

Figure 36.— Effect of corner 1 on radial distribution of velocity downstream of turning vanes— vanes B in comer 2 and vanes A 10 with simulated engine 
exhaust scoop in corner 1. Nominal airflow, 73 kg/sec; nominal Mach number, 0.25. 








scoop in corner 1 and vanes B in corner 2. Nominal airflow, 73 kg/sec; vigv inlet Mach number, 0.34. 
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TABLE 1.— VANE EXIT SURVEY FOR VANE A IN CORNER 1 



36 



TABLE 1.— Continued. 


iooor-'.o»©soo'oooo<7'<j-i-»»-io 

00h-otoinv0s0v0N0h-r0sDr^rsN| 


HWOtOHK)OOK1NOONOWlflCO 


oor^.rOv3-crs(Mvd-NDr>.CT'^Hooc3oc=>l 

irist'cro-'fimnioirun^insDsD^ 


rdiOMsJ-ioo'orotoinioa'ocMro 


OrsMtNJinoOHOO^HO'J-r^HO 

sDirKTK)\i->Dr>.r^sDr^'tsDr^r^N 


MO<MOvOH(M^)iOHOOOO'M 


0O^Hi-HsJ'|v.0O0O<?'t— ICJCOOOH 

lOiOsD'OinirnniriirisD'OinsD'O'O 


OO'CNOOIOHIOCSJHOONCJHH 

Ln'd-ro<sjirir^p^r^r^r>-o-tnNor^r^ 


N0O«ON 
m in in m 


.o r 1- rp~ I ovoinoHHO'WHO^fONsDijol^ i^s3-(Os3'«oiriinco^ND«d-csir^r.co O irtrocvji^ 
*2 £ S r^r*>-r^r^.soiris3-inms^'sr>mvj“si'vj- r- ! sT in >o \o in ^ vt vt in .r irut I ro imn 


NNr^r^soin'j-inmst-sDin'j-si'vr 

ooeooooooooooooooooooooooooooo 


•J‘Ln'£>NOLA\J-s^'s3-LTlv3"sOLnvJ"sJ‘v3- 

oooooooooooocoooeoooooooooooeo 


OOOO'sOOOOOJrO-J-rOrOlTisJ-'J'fO *3 ^ s3- sO ■— • sO CM to nJ- K> *X> rO rO rO 

OHIOsDOOHHHHNOHHH ^ CMT'^sDr^OrHrHr-lr-UV.Or-trHrH — vD UO sj- 

****** ♦•••••••• ^ 03 .... 

O'C'C'CT'ooooooO'oooo qC ^O'C^O'O'oooooO'Oooo ^ 


^HN^-vD^-lsOr^(\iKlNj-rOv3“sOrOrOrO ] 
CMT'r.sDNOHHHHIXOHr-lrH I 



|OfOOsOrOCT'(\JinOO'HOO^rHrv.O 

|OrHr^(\JOOfOinsDr^^stOsDr-irO 


cD^Hr*nc\JC\Jto<rLnsDr^.oocr>c^o^H 


orooioroc'CMinoOHoO'd'HNo 
oHh-(\joOK)in'Or N -o>j-OvDrHro I 


OHHN(MrOsfin>orNOO^<>OH 


lorOOsDK1CT'C\)inCOHOOvJ-H[N.O 

oHis.csjooioinyDrNa'^osoHro 


OrHrHCSJCMrOv3-lT)'OI^OO^<>Or-t 


|r-i(\jr0'j-ins0r^00<^OrHfMr^stin 


H(\irONj-iTiNDrNoo^oH(Mro<rin 


rHCJro^inNON«o^oHNfO'd-in 


H00'0Os3-r0O(\JCM^0 ,| >(MN.^O 


|cr>m<ros£>r^r->— <oo>— imcMr-r^sO 


(\jooiriLrisorOfOr^-i— imrOoo>— | 


inr^oN'toOfOsD^sf^nNDr^oO 

krinroro^-'cMrumnimriintriimr) 


[CDCZ>COsD>— lfOsJ“rH00O00(\IC\J00^n 


poroooOHNa-^-ineOK)^-oo^sD 
| NjOCT^s3-sC\D\DNDLrifOs£)r^sOsO 


(MO'sDor^irnriooiriootoiooOH 


|iru^(\jOsDOfo^sDocomoooo^ 

lairinrOsj-^imriinsoiriiriirMniri 



inNroiriiriCMoinrNHtMfi^ONo 


u r- isj-soor-ro*— »rOrHCSJfO««3-(— ir- w <i-oooO(y'irioOf^<Mroi— i*a-oO'<MO 

o 22 ^ ^ irun-oo^^in'ONN'OifMftiftin ininvO'Oirixr'j-LnLnsosDinv^-^Ln 

B il 2 00 00 00 00 00 oo 00 00 00 oo oo 00 oo oo oo o oo oo co oo eo oo «o eo eo oo co «0 00 oo 00 


oO'd-fOfOfor^inr^.r^oo^Hsor^-o 

iriNDr^i^'£>v?-<r>j-srinr^iri'd-'d-iri 


cooooocooocoeoooeocooooooooooo 


n^)iriininooMO''j , fotnH 

imria^CNJ'>Dooo^c^r--jnooo*-« 


HH 6 sd- 00 o sj- 00 'j* C3 CM fO CM *d“ 'J- fO ^ 

i—» i— I “* inif|(>HNO'OOHOOOHHH , iTl sO CO • I s - <** O O \T O .—4 i-i H 


-q aCoccOO‘'CT'C , '‘0 , 'O s c > -cr‘^oooo oOoO<07'O v ~c:cdcc^c:coo -c 

W »— 4 H (— H 1—4 tg H H H H «— I 1—4 (—4 H B 

& O' * 


(000«j^^^ooooo i 'oooo 


oroo>£K)(T'(\jinoOrHcO'J-'Hr^o 

OnHp-csJoO»oiriNor>.c^N3-cDso<-irO 


OHHNWKKMTlvO^CO^^OH 


ofOosoro^MineO'-Heo^Hr^o 

oHNCvioOfomor^ov^rosorHio 


oHfH(\K\)tO'i'ir)>DNco^t'OH 


oroo>oroa'(\jirioO«-»oOxtf-*-tr^o 

pHr.cd«otoirisDpsO'>j-o>DHio 


or-trHC\JC\iros3-iri'sr>r«.oooo N o*-H 


H(\jK)Nj-insDr^oo^orH(\iK)«j-in 


-iTior^-oo^cj*—^ ■ CM ro irt | |^hcM40vJ-iTisop*woOCT' 0*— •CMrO'crir^ 






TABLE 1 .—Continued. 


I 


HNOOHioroosoooooinvoino 


oirisoroiocMH^ytsj-imriooo 

<rrO(Mr-tfO'J-<3-roro(\joKisJ's3-<rl 


invtNioooo(MOM>HrNCJirurio 


Ot>sOvD<J-(MHrHOsDin(NrHH(\J 
sj-rOi'Or-irOsd-'d-si-sj-rOf— tK>si-\j-si- 


rHr^C\JO00Or^K)r-<|V.K)tn 


sd-CSJtOCMCNJCOCr'r-tCD^-lCsJCNJ 

^HrOsi-<J-<r<rrOC\JrOsi-<rvj- 


'vfoo0'0r0'^>d'\0\0i — t ro \D (\l oo I 


vDr^OOCM'Or^NsDr-ONDLTtr^NDsD 


or^ff'iHinNO^Hooh-^-mo^^o 


ocr'cr>cr-cr'oOooC7'a'Cr'<7'CT'OOoOcr'| ^ 



B 

oo r-> 0 

(>Ov N 
• • 

oo oo vj 


o. 'a-'d-ro^oo»J->i''tf’>s-sD»>.csi^'d->a- 

_ HHHOOOHHHHOISHHHH 


OOOCT'OOOOOOO'OOOO *0 
< — t t—4 H > — ( » — I i — I * — I H H i — t H i — I ■ — I 


si- sf- ro so o sd- sd- si- si- c\j in so 'd- si- si- 2 

i— 4 i—4 i—4 OO H i—4 > — 4 HHHCOOrHHH 



CDOOO^OOOOOOCTsl^OOCS 
H r-4 i — 4 i — I r— 4 . — 4 > — 4 i— I i — t t — 4 i — 4 i— 4 i— 4 CO 

c* 


si-fOCNJsi-sd-sd-sJ- 

HH^OHHH 


oo(>oooo 


OrOsOrOOSsdfNjlTlOOrHOO'f'HrsO 

OH(\IOOfOCMT|vONCT''tOsD(-4lO 


o^wwfOtOsi-insor^oo^^oH 


ofO^>fOCTsvo(MirioO'-icO'i''Hi s '0 

Oi-tCSJOOfOCTsinsOr^CT'sd*OvOr-lhO 


oHWNiotoj-inoNaD^^oH 


OfOs£)fOO'^<\Jlf100HCO'J-HNO 

b l H(Mflon<MTi^r^o'vtosOHn 


loMCMrofon-j-in'CNco^oorH 


r~K\JKKM0sDI^00(^OrHCJK)>tir: 


r-4CNjiovMnsopsooo'OrHwro^in 


L-tCOfOsj-irisOP^eooo'-HtNjrOsd-m 


oOr-t(sjr>.fOHtocMK)eooOsOHv3-H 


Ir^uncrsoosOsrcxjcr'sd-CMoofOoOr^oo 

IhhoohCNJCMhhoO'hhhh 


1 iTiro^ooCMsinrOr^'drs.iOHCSJ 


Utsj-Minr^O'CJfOHO'd-rooooW 

inLnin'd-si-sj-ininininsd-si-sd-inm 


4sD(MHrHiruT)IOCOlflCJeO<noO^ 


crscDsd-si-r^c\Jc=>cOi-iCdrocsjmino 

(MCNJOH(\JK)K)(MrHOOMCM(M(NJ 


\Osoiri(Mc30jinroooCNJONsi-ir>a , >r>. 


NHO'H<CTlf>'J3COCM50tO>t'0'J3H 

'd-iOsi-si-sd-si-si-sd-sd-sd-sd-si-si-sd-iri 


k\jrotOHsDNcom'0'0't*n«o^o 


intrjsoCMfOtsosoCT'r^.CT'sj-ocvjcsjo's 

Irooosr-iroiorOCMO^^rHrorOiOCJ 



I'crooOHr^ooiriiricO’-tsDr^tNJoin 


si-so^-tcrscsjsi-srNDsDasoo--tinLnsD 

sd-si-sd-to^sd'sa-sd-si'rOfOsi-sj-sa-si- 


st-OCMfO^HHd-rHiriOOKJHOH 


IT1COO(\JvDH(\JOOsDK)nOOOC\JHH 


t — I *— I ,—1 I — 4 CNJ l~0 rO OJ I ^ HOHHHHHOOHHHCSJWH 


k0400COlOlflsO(MH«tHF-4HO 

|oOHHOOOOHi-4r-4iHrHHHl 


Os O* O' CT' 0 s (T' 0 s <js as 0 s (7s CT' 0 s (7 s 0 s 


| O" O' (7 s as as <ys O' (js as as as os os os 1 


0 s O* Os Os O' O' O' Os Os O' O' O' O' O' Os 


infOOHh.HOS'DsOlTl'i’OOtOHtO (SJrOCJr^OsJ-CJsi-OO'Or^.sDsJ-sd'sO 


si-rOfOCsjTOsi-mrO'sDOOtT'Osi-si-so 


OC'00 00^'HO(T'OOrs.|N.O'H^O ^ HO'NCOHHHOrs-r^rsOHHOS Hrs-'DOOrHHHOsD'OOO'HHHO 

cd S3 .2 * * * 

-O OO'OSOSOSOCJO'OSOSO'OSOCDO -O OOsOsOsoOOOOsO'OOCISOOs ^3 o(M>0 s ODOO(>(7>(T'OOOO 


orO'Otoos'DCJineoHoO'tHrs.o 

oHCMooroo'in'Drs.as'vJ-O'DrHK) 


oH(\j<sjroro>d-in'fl|ssooo'0'OH 


OrOsDK)0''0(SJlT|00rH00sJ-^irs.O 

OrHCNJOOfOtMTlsON^'d-O'DHrO 


Or-KNIPdrOKlstlTlvOPsK OsasOH 


oK)'0»oo'so(\nncoHoO'tHh.o 

oHCdootoo'in'DN^'j-O'OHm 


orHCsic\JfOhOsS-iriNor--oo<y*c^o^H 


*-4C\]rO'd-Lr>sor'-oOcrsor-ic\JfOsi-m 


HWrO'tlflsOI^OO^Or-.WKKMTt 


4(NjiOsfLn'ors.ooosoHMio«cMri 




TABLE 1.— Continued. 



ofooioC'sorvJLnoo-HeO'J-MNo 

orH(\ioOfOO ,s iriNorNa'>j-os£)^ro 


o ^ CSi CM rO f- «0 <*■ O r-J 


Ht\]ro^invDr^eoa'oH<MiOvrLn 


oro<oroo'oc\jinooHcO'TrHNO 

OrHCM00t0<MTl'^NCT'N3-O>0rHK1 


OKivDro^xDtMinoO'Hoo^Hh-o 
oHCNJcOfncr'insor^o-j-osDrHro 


rHCvJKKt-irisDr'.eoa'OrH(NjfO>d-ir> 


134 









TABLE 1.— Continued. 


<u 

£ 


<u 

"p 


«oiO\otoinoooooooooo 


rON'toOOO'tooooooooo 

OCJWHOIT' 


OOrHK)0^<f\TOOOOOOO 


4vOH^<K>0000000000 
■» C\J to I — < O' OO m in 


<r<r oo^(Sj(\jHinoor 


>0000 


^NOOHNNOMCOtMKIOOOO 

towroocOHr- 1 o wo m 


<D 



O CM 00 Crs n 3 - h * 

X 

•a- 00 m o in *-i x 
in in in so so r-- * 
* 


xxxxxxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxx 


ocMPs-CMincMoro** X X X X X 

s3-r-tc0'd-00CMO"CM* X X X X X X 

tnsoinsDsOsoinr-v* X X X X X X 

X X X X X X X 


CUCSJOOCTxrOC7's3-'d-oO<=>sJ-* X 

x X 

O'cDO'coO'^j-O'O'r^tno'X X 
^tn<rv3-rHCsjfO>3-in<ONO* X 
X X 


X X 
X X 
X X 
X X 
X X 


o 

s 3 E 
2 

* £Z 
a. 


sO CM Os fO sj" 1 — I * 

O CM --H CM CM CM * 

• X 

O' o' O' O' O' o' x 
X 


xxxxxxxx 

xxxxxxxx 

******** 


r^sOCMsa-sd-eorOvd-* X X X X X X 
oh ^hhh(MC0* XXX X X X 

X X X X X X X 

O'O'O'O'O'O'O'O'X X X X X X X 
X X X X X X X 


E 


CMvrcTsCMfor-sOsotninso*: 
O o O' r — 1 r-t 1 — i CM CM CM CM CM * 

^ 

O'O'OOO'O'O'O'O'O'O'O'X 


X 

X 

X 

X 

X 


X 

X 

X 

X 

X 


X 

X 

X 

X 

X 


o 


.0 


a 


IS 

OS 


p- os o in cm cm X 
*0 cd .-h o O' r-. X 

X 

O' CD O O O' O' x 

1 — I f — < H * 


X * x X * X 


X X 
X X 
X X 
X X 
X X 


a 


T3 

ed 

OS 


ooooc\Jr-m<rcMO'* x X X X X X 
rsoHO'voovtrO)*; X X XX X X 

******* 

O' CD CD O' O' O' O' O' * ** ** * * 
1 — ) l-H ******* 


a 

73 

■-o 


HCOrHrHsOsDNOO^'OCM* * * * 
HO'HfSin(M>OOsOv3--J-^ * * * 

* * * * 

CD O' CD 0 s O' O' O' O' O' O' O' * * * * 

-~t r — < * * * * 


I a 

a. « 

ed u 
O O 


SI 

Cu en 

6 a 


| opsro^^Ninc\teoiAH>j-rs'J-o 

>in-H(\]romvocMNioo'OHrsro 



oNtosD^ojincsioomHvtr-sro 

otDHNroinvDCMrsioc'OMrs.ro 



or^tOsocrscMincMcoinr-i<j-r-»src 

omrH(MKiin\orjt>-fOc>oHMO 


OOHCJlOd-inyD^NN^OOH 


^HCMrOsd-insor^oO<7 s o>-'CMrOsi*m 



ooooooooooooooo 


CD O CD CD CD CD CD CD CD CD O CD O CD CD 


COsDlTlOOOOOOOOOOOO j 

sDd-tOoooooooooooo I 
000 


ro eo i-H m r-* cd 


to in O' CM sD 00 

i-H »— I i-H i-H O' CM 


OOOOOOOOO 


OOOOOOOO 



*************** 

*************** 

*************** 

*************** 


CMsJ-<=>************ 

,-iroa************ 

sor^r^************ 


oor^CMCMooo********* 
CD s 3 * rH CO O' I-" ********* 

sd-inminsosj-********* 


•Safi 

- W (J 

IS 


s 


*************** 

*************** 

*************** 


<=>mcM************ 
CMCMCM* ** * ** * **** * 
• • ************* 
ososos************ 
************ 


B 


00 

o 


oomsoinroscr********* 

rHCMCMCMCMCM********* 
O'O'O'O'O'O'XX XXX X. XXX 





a 


* * * * * 
* * * * * 
* * * * * 


* * * * * 
* * * * * 


* * * * * 

* * * * * 

* * * * * 


"S 

a 

73 

*■0 


>0 CO rH ************ 

ooooci^************ 
* * ************* 
O'O'O'XXXXXXXXXXXX 
************ 


1 


CMroONOsps.ee********* 

O' CD CD O' p-^ CM ********* 

Os O O Os O' O' ********* 
*-H,-t ********* 


0) 


1 1 
CX ed 
cd y 

O 2 


II 

CX w 

3 a 


>rs-rOvooscMtncMooio*-Hsj-f^.scro 

jinHCMtom-ocsirstoP'Or-trs-ro 


OOHCxIlOvtlTlsDiONrs^OOH 


rH(sjKKMnsorsoo^oi-tc\)tov3-in 


orsro^^Ninc\JooirtH<rrs^o 

oinHC\jioin>oMrstoCT'OHMO 


OOH(MK1d-lTl>D\DNN(T'OOH 


HNrOvtirisDrsjjO'OHCSitoerin 


ors-rOsooscMincMcom^H'crps.'crc 

oinHNioin'ONNroo^oHis.r 


cDCDi-HCMrOsj-insOsor-r-osoor- 


HNio^inoNoocPOHNiod-ir 


40 



TABLE L— Concluded. 


csjor»s*-»tf'N3*r^ooo*d-eONO*-iirir'i 


fOOoOOScOsDinNv£)00'^lOO<>0 

roroioiorocjroiotocsJHO'O'^N 


(Sj%3-soooo<sir^irir«»o(Nja'insj*^ 


O H H H C* O' iT) O' O H (S) O' O sO 


C\loor^oor-LOLncr'C7 > «r-»crsr--r-fO(Nj 

rOK)lOK)rOlOrOtOK)rOCJocO'flOO 


oO'OOO'OeOO'sj-O'oO'^HsDOvj-iH 


OHHHO'O'OO'O'O'OfsIPJsOfO 

inirnrun-j-Nj-vrsj-vrstmimmniri 


y N p <feo^ooooorOHrH>£)K)r^rHoOrs '0HCMoHsj , K)0'e00'O'i - '0«0't 0 

M § 5 • OO'O'O'OHOOOOHHNWN P OOOOOOOO'O'O'OHHNW O 

cn 


CT'0O0000CT>Cr'O''Cr'C7'C7'CT'Cr'Cr'O“'C7' 


00 CM CM CM CM CM O CM CT' r-» O' O' CM in T3 
OHHHHHHHOOOO'O'O'tID ' 
“ 


0'0'0'0'0'0*0'oocOeO^O'0'0'0' 


0'(\J(\J0J(MNO(\JC\J0'<rrHOrHr0 *- 
OHHHHHHHHOOCO'OlTlsO ^ 


OOOOOOOOOOO'O'O'OO' I 00000000000(T'05'(7' 


oNiO'OO'rjincMeoinH.d-r^'j-o 

OinHC\IK)lT|'OCMMOO'OHMO 


OOHNKKMOO'Or'NO'OOH 


.-*CMrO-ct-ins0r-.00C7'O.-i<MK‘»'CMn 



csr^rOsocr'CsJincMeOini— tsj-r^'d-o 

OlflHMtOinvOCVJNtOOvOHMO 


OOr-t(\JMvJ-in'0'£>h.r^0'OOrH 


H(sjr0'0-iTi>0N00^OH(MM'firi 


ois.vf^cM'fin-d-ofO'O'Ooool 


r^O'CJCJO'O'rHM'OO'O'CJooo 

KirO'ttOHO'OHHOO'O' 


roroeooNi-oOOSsa-(MCMrors.j»c * * 
********* 
oooh^n«omnon)|! 5+c * 
imoimnmirtvj-iniriin'Oso^ *: *: 
* * * 


oop^K7r--sr^CT'<r<T"d-r^c^)»c * * 

0 ' 0 ' 0 'OHHOiHH(\)(\I(NJ^ * * 

^ 

oooooocr'oso'o'cr'avcr.cr'cr'^ * *: 
* * * 


rsHHCO'fNHI^KlH'f'iMnoO 


KHM(MO'0''0«0(\JsfK)lO'OiriOO 

r0't'J-t0CNJHO(\JCMH0''0'0 


sor^r^m«sO'OC 5 CT'r^ty , ‘inr-iCM* *: 

* * 

Or- IHrHOlOO'OOlOsJ-'J-(SI* 5* 
inimnifuninimn'O'O'O'ONO)*: * 
* * 


CMiO<tNK)OOOOHinO>lO* * 
CD O' O' O' H i— I H «— < i— I i-H f—t H CM 54C 5fC 

* ^ 

cr-oocoooo'O'CT'cr'OCT'cr'OO^: *: 
* 5 *c 


r^HHONi^eO'Oi^'3-ineo^)|c* £L s0rHH HrHooiNrvO'ininiON5k* 
* 5jc ^ * 

* * * Q$ ,-h ,-| .-t 3f£ 5#C 


oNM'DO'MincMooinH'3'rM(j-o 

OinrHNKMTl'OCSJNfOO'OiHNK) 


OOHMM^in^^i^^nsriOHj 


rHCMrO'firiNONeoo'OHCMfO'tLn 


oMO'DO'CsnncMooiriH<ri^'d-o 

oinrH(\trniri'OCMr^roO'OrHh.ro 


oor-iWiOvfin^^N r- cr- =3 c 


^iCM»o^in* J jr^eo(7'o*-HCMrO'S*in 



«-H(Mro>d'in>or-<.©o<*'o.-icMfO<f-in 











TABLE 2.— VANE EXIT SURVEY FOR VANE A10 IN CORNER 1 
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TABLE 3.— VANE EXIT SURVEY FOR VANE B IN CORNER 1 
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TABLE 3.— Continued. 
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TABLE 3.— Continued. 
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TABLE 3.— Continued. 
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TABLE 4.— Continued. 
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TABLE 4.— Concluded. 
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TABLE 5.— VANE EXIT SURVEY FOR VANE A3 IN CORNER 2 WITHOUT CORNER 1-AIRFLOW, 69.45 kg/sec 
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TABLE 6 — VANE EXIT SURVEY FOR VANE A3 IN CORNER 2 WITHOUT CORNER 1-AIRFLOW, 35.53 kg/sec 
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TABLE 7.— Concluded. 
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TABLE 8. -VANE EXIT SURVEY FOR VANE B IN CORNER 2 WITHOUT CORNER 1 
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TABLE 8.— Continued. 
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TABLE 8.— Continued. 
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TABLE 10. — VANE EXIT SURVEY FOR VANE B IN CORNER 2 WITH VANE A10 AND SIMULATED ENGINE EXHAUST SCOOP IN CORNER 1 
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